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INTRODUCTION 
The perception of the upright includes discrimination of 
verticality in the parallel frontal plane and the median plane 
with respect to the observer. Investigations of the dominant 
factors influencing perceived upright have primarily pertained 
to the subjective vertical in the parallel frontal plane. This 
paper is concerned with apparant stereoscopic vertical in the 
median plane and the effect of head tilt on such stereo 
localization. 
Sever·al conditions which apply to the vertical in the 
parallel frontal plane are worth noting for the purposes of 
this study . The effect of head tilt on the subjective discrim-
ination of a vertical line in the parallel frontal plane is 
well documented. Many researchers have shown that in absence 
of a visual field, even slight changes in the position of head 
and body will cause increase error s of subjective judgment of 
1,2,3 
vertical. The apparent vertical is displaced in the same 
direction as the head tilto Tnis effect for large degree of 
tilts is referred to as the Aubert effect or "A" effect. It 
is the purpose of this experiment to determine if there is a 
displacement of the vertical in the median plane. According 
4 
to Schubert and Brecher there seems to be an apparent displace-
ment of the vertical in the direction of body tilt in the 
sagital plane. 
Various studies have been done to examine the relative 
5,6 
strengths of postural factors in discrimination of the vertical. 
2 
They generally list several sensory modalities which are 
involved: visual, vestibular, kinesthetic, and tactual. 
It can be concluded from the literature that these factors 
are important to the subjective vertical and fUrthermore 
presumed that they supplement each other in the normal 
environment. 
In this study we eliminated tactual cues and the visual 
frame of reference, but vestibular and kinesthetic input 
were available. An additional factor is al~o involved, that 
of horizontal retinal di sparity. Within a limiting range, 
retinal disparity is a compelling factor in the perception 
of relative depth. Since stereoscopic spatial localization 
is highly accurate, one may logically conclude that a person 
could visually guide a line vertical in the median plane. 
Tne observer could judge the relative depth of imaginary 
points along the line and when they appeared equidistant 
.from him, assume verticality of the line; if, in fact, the 
observer were vertical.. The question then arises, what effect 
woul d postural changes have upon the subjective vertical in 
the median plane. 
Ogle reasons that monocularly a central meridian of 
retinal elements through the fovea could give rise to the 
7 
sujective visual sense of gravitational vertical. Similarly, 
the perceived orientation of the stereo vertical under 
reduced conditions could be associated with a specific disparity 
configuration; and therefore, an induced head tilt would 
.. 
3 
cause a tilt rif th~ subjective vertical. On the other hand, 
if non-visual information such as labyrinthin~ or proprioception 
can be employed by the observer, induced head tilt may have 
1ittle effect on the orientation of the stereo vertical. 
Previous investigations have shown that stereo orien-
tation is not necessarily locked to only one retinal disparity 
8,9 
configura tion. Also, some perceived distortions such as 
the induced effect caused by a meridional lens with axis 180° 
are not predictable on the basis of geometr~cal considerations 
of disparity. This, plus the fact that one can correctly 
orientate objects perceived by asy~~etrical convergence or 
acquire limited adaptation to meridional magnification lenses 
suggests that perceived stereo orientation can be independent 
of a specific retinal disparity configuration. In contrast, 
Ogle states: 
Generally the subject of investigation and thought 
is the stability of relationships between specific 
experiences of stereoscopic depth and the characteristics 
of the disparate images.lO 
This study was designed to compare the relative importance 
of vestibular and kinesthetic information versus constant 
retinal disparity configuration when determining verticality 
in the median plane. 
APPARATUS 
The apparatus was constructed to allow for controlled 
head tilt in the median plane. The subject sat on an adjustable 
stool with his head supported by a movable head rest which 
4 
could rotate · - ~Odegrees in the median plane. The head rest 
pivoted on a support'ing ·structure, its axis approximately 
coincident with the locus of the axis of rotation of the 
-head of the subject. The head rest could be adjusted and 
locked in place at seven positions varying in 15 degree 
increments from an elevation of 45 degrees to a depression 
of 45 degrees. 
A lucite rectangle painted black except for a thin, 
straight line (less than .5mm in width) was illuminated 
by two flashlight bulbs placed inside a wooden frame work 
so that the light could only escape into the lucite. The 
result was a homogeneous illuminated line. 
This line, 20cm. in length, was located approximately 
3lcm. from the subj ec tv s eyes. Tne line pi voted in a 
supper ting frame attached to. the headrest. The line could 
rotate in the median plane through a minimum arc of 100° 
at each position. The center or the line could be fixated 
with the eyes in the primary position in the head at all 
positions .. 
TI~e head rest and the frame for the luminous line were 
enclosed in a box-like structure; all of which were painted 
a flat black. 
SUBJECTS 
Nineteen subjects ranging in age from 20 1to 30 years 
were tested. All subjects were screened for a minimum of 
.· 
80% stereopsis as measured by the multi-stereo Keystone 
·card, PP-lOo 
TEST CONDITIONS 
The subjects were presented with a luminous line in a 
dark field and instructed to indicate by tapping when the 
line appeared vertical; i.e., perpendicular to the floor. 
Each subject was tested under seven positions of head tilt: 
5 
45° (45° elevation), 60° {30° elevation), 75° (15° elevation), 
90° (horizontal), 105° (15° depression), 120° (30° depression), 
and 135° {45·o . depression). T'ne sequence of presents. tion 
comprised four steps: (1) go0 position, (2) randomized 
elevated or depres sed positions, (3) go0 position, and 
(4) randomized remaining positions. The first goo presentation 
~erved as a practice trial to ·ensure that the subject 
understood the instructions. Each subject was asked to 
make six judgments o! verticality at each position. 
The experi~ent was conducted in a dark room during 
late evening to ensure maximum darkness. Nothing but the 
line itself was visible to the subject. The luminous line 
was turned off after each judgment and rotated to a new 
beginning position. Method of adjustment was used, with 
equal number of preset positions of toward and away. The 
line was moved by the experimenter toward objective vertical 
from randomized preset positions. 
RESULTS 
Measurements of subjective vertical were recorded in 
degrees: go0 being objective vertical; greater than goo, 
the top of the line rotated away from the subject; and 
6 
less than go0 , the top of the line rotated toward the subject. 
The raw data (Appendix A) was simplified for analysis by 
computing the means of the six trials at each head position. 
These results are recorded in Table 1. The means of the 
individual data at each position were further reduced to 
group means and variance calculated. Table 2 contains 
the group data .. 
The means of the group data are plotted in Figure 1. 
The ordinate gives the subjective vertical in degrees and 
the abscissa , the position of head tilt in degrees. The 
horizontal line at 90° represents a theoretical condition 
in which the judgments of vertical are independent of 
disparity and therefore the subjective vertical equal 
to the objective verticalo. Alternative theoretical expec-
tancy, in which the discrimination of the vertical depends 
upon a constant retinal disparity, is represented by the 
linear function vli th slope of 1.. Figure 2 is the plot 
of the regression line of the group means calculated by 
method of least squares. The means of raw data for each 
subject are plotted in Figures 4 through 22 (Appendix B), 
Figure 3 is a composite of the individual plots. 
7 
There is considerable variation among the subjects 
but all data indicates that the subjective vertical is 
close to the objective vertical. No constant error exists, 
toward or away, for the subjective vertical in the median 
plane. The slopes of the regression lines for the individual 
means range between f.l7 (Fig. 8) and ~.14 (Fig •. 9). There 
is no reason to expect a consistent error in one direction 
rather than the other with no head tilt. Since the direction 
of error is not systematic, the fact that t~e group mean 
at goo is 91.6° rather than some value less than 90° is 
considered unimportant; and with a larger sample, one 
would expect this value to approach 90°. Table 2 contains 
the average error value which is the average of absolute 
values of individual mean deviation from objective vertical. 
This gives an overall measure of error regardless of 
dir e: ction. 
It is more meaningful when determining the effect of 
head tilt to compare the measurements obtained at different 
positions to the subjective vertical at go0 rather than 
the objective vertical. The group means for the various 
head positions obtained by this method will be equal to 
the difference between the 90° group mean and the previously 
calculated means. These differences are also listed in Table 2. 
The measurements reveal that the apparent vertical 
under the test conditions of this study is perceived close 
to the objective vertical. The group data is essentially 
8 
linear and coincides with the theoretical limit of objective 
vertical rather than a function existing between the two 
theoretical expectancieso With excessive head tilts there 
is a slight tendency to displace the apparent vertical toward 
the subject. 
The variance of the group means increase as a function 
of increased head tilt. The variance among the individual 
measurements also increased in a similar manner. The 
tendency t o stop the line short of the mean.subjective 
vertical i ncr e ased in magnitude with increased head tilto 
9 
Head . Position (degrees) 
45 60 75 90 · 105 120 135 
. -···-·------ ---- -
DC 80.7 88.3 90.2 90.2 91.5 91.3 93.2 
MG 76.3 86.8 91.8 92.3 91.5 94.5 84.3 
DJ 85.6 90.7 96.3 94.3 96.8 91.0 89.3 
RP 78o8 85.2 81.5 87.2 90.3 90.5 90.5 
GM ?9.5 82.7 87.8 92 .. 2 94.2 98.2 94.3 
:~r~ 87 .. 7 93 . 3 91.0 89 .. 0 86.5 84.5 75.7 
WM 85 .. 2 83,.5 92.5 91.7 95.5 94o3 93.0 
AS 86,.2 94.7 91.7 90.2 94.5 88.2 83.7 
JZ 
a) 
87 .. 2 84 .. 8 91.5 93.7 90.7 88.8 84.7 
+> 
' 0 PD (l) 8 7., 2 90,.8 92.7 93 .2 92.2 ~ 90.8 88.3 
..,... 
.g MS 8 7 o8 9L,O I 97. 7 94. 7 91.3 86.7 87,3 
Cl.l 
DS 86 .. 3 93.3 92 .5 91.2 92.8 90.5 91.2 
LW 90o7 93.2 90,. 0 90.7 89.7 90.8 87.7 
SP 97 o7 98.7 94.3 92 .. 7 97.0 98.5 97.5 
TJ 88 .. 3 94 .. 0 94 .2 90.,3 91.8 92.3 81.8 
MC 91.5 90,.5 92.,7 91.8 92.2 91.5 92.5 
BN 85.8 90 .. 2 89 .. 2 92 .. 8 91.7 90.5 92.3 
CN 87 .. 3 91.7 90.3 92.,3 93o0 94.5 89.7 
PB 84.3 85.,7 90.7 89.7 91.5 92.2 96.0 
----~- .. ---··-
Table 1: Results showing the means of the six 
trials at each head position for all 
individuals. 
10 
-Head Position (degrees) 
.! 
' I 45 r 60 75 90 105 120 135 [---
i Group Mean 
f 
86 .. 0 90.0 91.5 91.6 92.4 91.6 89.1 
~ '· 
i. 
,. Standard 4.80 4.17 3.39 1.90 2.49 3.46 5.36 
( Dev i at i on 
I 
I 
! 
' l Average 5 .1 3.4 2.8 2.0 2.8 2.8 4.1 
, Error 
I 
! 
~ I I Mean Diff"' From ; 5.6 -1. 6 -0.1 0.7 o.o -2.5 
1 Sub j ~ Vertical I 
! at 90° ·I 1 
Table 2: Gr·oup data for subjective 
vertical at each head 
position. 
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DISCUSSION 
There are two main findings indicated in the results. 
First, that the objective position in which a test line 
appears gravitationally vertical is unaffected by head 
position; and second, that the angular difference between 
objective vertical and apparent vertical under these 
viewing conditions is of a small amount. It is evident 
that there exists a constancy of the stereoscopic vertical, 
such that the perceived stereo vertical is not altered by 
a change in head tilte The observable behavior indicates 
14 
that t he subject can judge the gravitational vector accurately 
without a visual frame of reference. 
Our results show that a constant oculocentric retinal 
disparity is not a factor for determining the upright in 
the median planee The subject must make relative egocentric 
depth judgments in relation to the facial plane between the 
upper and lower parts of the stimulus line when guiding it 
to vertical 9 A highly developed depth localization ability 
is necessary to do this, and such an ability is dependent 
upon retinal disparity; however, a different disparity is 
necessary at each head positiono 
-
Tne subjects were able to compensate for the amount 
of head tilt and utilize additional cues to perceive the 
apparent gravitational vertical near the objective vertical. 
Two major sensory modalities were available, kinesthetic 
and vestibular; however, t~iR study does not allow one to 
15 
differentiate between the two. We would assume that both 
proprioceptive and vestibular information contribute to 
the constancy of the stereo vertical. Past studies that 
do differentiate have shown the importance of both vestibular 
and proprioceptive cues for setting the body or luminous 
11, 12 
l i n e to ver t ical. It appears that the judgment of 
t he s t e r eo vertical may involve an in t eraction of several 
s ensory modali t i es . 
The subject i s es sential l y perfor ming ~ visual task; 
making decisions a bou t a cha ng ing v isual stimuli. It is 
d ifficult t o interpre t the r e cord ed behavior from our 
me tho d ~'~ bu t we need t o de t ermi ne h ow the organism uses the 
postural cue s pr ovided by sp e cific head tilt to determine 
the h orizon tal retinal d ispa ri ty nece s sary f or the perception 
o f vertical. It appears t hat the subje c t can determine 
a r elati onship between an a mount of head tilt and retinal 
orientation .. 
This ability is proba bly acquired~ I n the environment 
t h e person perc e ives the upr ight wi t h varyi ng degrees of 
b e nd tilt ; no con stan t orientati 'm provid es the stimulus 
for vertical ., Inpu t from b o t h postural cue s and retinal 
d isp ar ity e na bles a person t o associate a particular re t inal 
orientat i on wi th a spec ific head tilt .. Previous studies 
indicate tha t o ther visua l phenomena , such as size constancy, 
13 
is more developed in adults t han in children. Similarly, 
there is a need for a developmental study to defend the 
above assumption. 
.· 
16 
Some information of previous studies of the vertical 
in the parallel frontal plane may aid in providing inform-
ation for the formulation of a possible hypothesis explaining 
the constancy phenomenon which our results bear out; but, 
one cannot explain ·the observed behavior adequately without 
fUrther experimentation. One needs to isolate the sensory 
~odalities to determine how they interact and how one is 
able t o compensate for changes occurring in them. There 
is a necessity for comprehensive investiga~ion of the 
theoret i cal implications surrounding the upright in the 
median plane~ 'l:he verticality of the parallel frontal . 
plane has been thoroughly studied, it is surprising that 
in the past the stereo vertical has not received more 
attention .. 
.· 
.. 
APPENDIX A 
INDIVIDUAL RAW DATA: MEASUREMEN'IS, 
IN DEGREES,OF SUBJECTIVE MEDIAN 
VERTICAL FOR EACH HEAD POSITION. 
17 
HEAD 
TILT. PRESET TOWARD PRESET AWAY MEAN 
Subject: nc:, 
45 80, 77, 81 80, 79, 87 80.7 
60 90, 88, 87 86, 89, 90 88.3 
75 89, 8?, 86 95, 91, 90 90.2 
90 89, 90, 89 90; 92' 91 90.2 
105 90, 96, 94 87, 90, 92 91.5 
120 90.~~ 93, 92 92, 88, 93 91.3 
135 92, 94, 92 93' 95, 93 93.2 
Subject: MG .. 
45 72, 76 ., 75 81, 79, 75 76.3 
60 86:) 88' 86 91, 86., 84 86.3 
75 so, 90, 96 92, 97, 96 91.8 
90 91, 95, 90 95, 93 '· 90 92.3 105 93, 94!> 91 94, 90, 87 91.5 
1 20 93, 91' 92 100, 96, 95 94.5 
135 so, 80'# 80 92, 88, 86 84.3 
Subject: DJ 
45 82~ 82:~ 86 90, 88, 86 85.6 
60 92' .P. ~· wO:J 88 95, 94' 89 90.7 
75 9lj C." vO!j 93 100, 98, 100 96.3 
90 go 
'-':J 91~ 93 95 ' 97, 98 94.3 
105 94, 98, 96 100 9 97, 96 96.8 
1 20 88, 86, 90 96, 94, 92 91.0 
135 86.11 86, 86 95' 92; 91 ' 89.3 
Subject: np l~A 
t:J:5 7?, 82$1 80 78 , 76' 80 78.8 
60 83.9 84~ 84 90, 86, 84 85.2 
7':::.. 
'v 81, ?8$1 83 84 , 78' 85 81.5 
90 90, 88~ 89 88:)) 82.? 86~ 87.2 
105 92' 91 ~ 91 85, 92, 91 90.3 
120 90 $1 89, 87 90!) 95, 92 90.5 
135 90, 90, 88 93 .~~ 91.:~ 91 90.5 
Subject: GM 
45 76, 78_, 82 78, 79~ 84 , 79.5 
60 so, so, 82 82, 84.11 88 82.7 
75 84, 83, 91 90, 86, 93 87.8 
90 86, 92, 95 92, 92, 96 92.2 
105 94, 94, 94 96, 94, 93 94.2 
120 98, 98, 97 99, 100, 97 98.2 
135 92, 92, 95 99, 94, 94 94.3 
18 
HEAD 
TILT PRESET TOWARD PRESET AWAY MEAN 
Subject: AM 
45 82, 85, 89 90, 90, 90 87.7 
60 92, 89, 90 96, 99, 94 93.3 
75 85, 85, 92 94, 102, 88 91:0 
90 90, 88, 90 90, 88, 88 89.0 
105 90, 90, 90 82, 84, 83 86.5 
' 120 82, 84, 82 86, 86, 87 84.5 
135 72, 74, 74 78, 78' 78 75.7 
Subject : WM 
45 84, 84, 8 2 90 , 86, 85 85.2 
60 89 ~ , 83 J 82 86 , 84 , 84 83.5 
75 95, 90 , 90 94' 93 ' 93 92.5 
90 88, 89, 92 93, 93 95 91.7 
'· 105 9o, 93' 94 96' 97 , 97 95.5 
1 20 93' 93' 96 93' 95 , 96 94.3 
~L C· 5 93, 91, 93 9"' o, 93 , 95 93.0 
Subja c t: AS 
45 82 .!1 83.!) 90 89 , 8 9, 90 86.2 
60 94' 9·1, 94 98, 96, 92 94.7 
75 98.? 90, 92 88 , 92, 90 91.7 
90 C•) '::).~!) as, 89 8 8 , 92 , 92 90.2 
105 94, 96,~~ 96 89, 95 , 97 94.5 
120 8451 85.\l 85 93 j 92 , 90 88.2 
135 82,$1 83' 84 86, 84, 83 83.7 
Subject : JZ 
45 90" 90 ~ 84 86, 8 7 ,\) 86 87.2 
60 86, 84, 85 84, 8 6, 84 84.8 
75 88, O •? v~ !I 90 90, 92' 97 91.5 
90 95, 94, 94 94j) 9·~' 91 93.7 
105 8 9)1. 91' 95 90, 89, 90 90.7 
120 82, 88, 90 90, 91, 92 88.8 
135 77~ 81, . 80 87, 91, 92 84.7 
Su l?'j e c t: PD 
45 - 89, 8 8 , 89 83' 86, 88 87 $2 
60 94, 90 , 93 88, 89 , 91 90 . 8 
75 94, 96 ' 96 8 8 , 92 , 90 92.7 
90 8 9, 94, 95 94, 93 , 94 93. 2 
105 94, 93 ' 91 92 , 91:;~ 92 92.2 
120 92' 88 , 86 95 , 95 , 90 90.8 
135 92, 88 , 88 91 , $6 , 88 88.3 
·. 
19 
HEAD 
TILT PRESET TOWARD PRESET AWAY MEAN 
Subject: MS 
45 85, 86, 84 92,· 90, 90 87.8 
60 84, 89, 91 94, 96, 92 91 0 0 
75 97, 95, 94 99~ .99, 102 97.7 
90 94, 95, 93 95, 95, 96 94.7 
105 90, 88, 93 95, 92, 90 91.3 
120 86, 88, 80 92, 90, 84 86.7 
135 82, 80, 84 96, 92, 90 87.3 
Subject: DS 
45 80, 81$1 80 92, 91, 94 86.3 
60 88, 82~ 85 104)1 98' 103 93.3 
75 85, 85, 86 100, 100, 99 92.5 
90 90ll 88' 86 94- 94? 95 91.2 - ll 
105 90, 87, 91 95, 96, 98 92.8 
1 20 88, 88, 86 92' 95, 94 90.5 
1 35 88l1 89, 89 95, 92, 94 91.2 
Subject: LVJ 
45 89 , 92.? 90 89, 90, 94 90.7 
60 90, 90, 92 98, 96.., 96 93.2 
75 86)7 86, 90 94' 90, 94 90.0 
90 91.1' 92 , 91 90, 90, 90 90.7 
105 88.~ 87 , 86 92' 95, 90 89.7 
120 93, 91' 88 90!P 91~ 92 90.8 
135 86, 86ll 90 87, 89, 88 87.7 
Subject: c;:p ....... 
45 96.11 9?:~ 98 100, 99, 96 97.7 
60 101, 99, 100 98$) 100, 94 98.7 
75 89, 94.9 92 94., '97' 100 94.3 
90 \:H, ~12 Jl 90 9S, 95, 90 92 .. 7 
105 1 00 , 97, 102 95ll 93, 95 9r7.0 
120 959 98, 97 lOO, 100!1' 101 98.5 
135 Qh 
..,.._,' 94,; 96 lOl~ 99, . 100 97.5 
Subject: TJ 
45 88, 86 , 87 90, 90, 89 88.3 
60 92, 91, 92 95, 98$) 96 94.0 
75 93, 92' 92 96, 95, 97 94.2 
90 88~ 94, 88 88' 92, 92 90.3 
105 88, 93, 92 92 , 95' 91 91.8 
120 S9, 93' 91 95, 94ll 92 92.3 . 
135 so, so, 82 so, 84, 85 8l.S 
20 
HEAD 
TILT PRESET TOWARD PRESET AWAY MEAN 
Subject: MC 
45 90, 93, 88 90, 95, 93 91.5 
60 
. 
86, 90, 90 91, 94, 92 90.5 
75 91, 93 I 91 96, 93, 92 92.7 
90 94, 911 92 93 I 91, 90 91.8 
I 
105 93, 92, 91 92, 93 , 92 92.2 
1 20 90, 89, 90 94, 94 , 92 91.5 
135 90, 94, 88 95, 92, 96 92.5 
Subject : BN 
45 82, 84, 83 88 , ss , 90 85.8 
60 88.1' 89 , 88 96 , 90 , 90 90.2 
?5 90, 85 , 90 8 6 , 92 , 92 89.2 
90 90, 91' 93 96, 93 94 92.8 
' 105 90, 90 , 92 91, 92 , 95 91.7 
120 88, 86 , 91 93 , 92, 93 90.5 
135 85, 92 , 88 1 00, 95, . 94 92.3 
S~Dje ct: PB 
45 90 
' 
so, 8 2 8 6 , 8 6 , 85 84.3 
60 90:7 85, 85 84, 8 6 , 84 85.7 
7r::. <J 96' 93, 92 87, 90 , 8 6 90.7 
90 88, 92!; 86 90, 92, 90 89.7 
105 92!) 91, 90 92, 93 , 91 91.5 
120 91 ~· 85, 85 98SI 98' 96 92.2 
135 92, 95jl 91 95., 101, 102 96.0 
Subject: cs 
45 84 ~  86 , 88 86, 90, 90 87.3 
60 0'"' ..;U!J! 90_, 89 93. 92, 96 91 . 7 
75 8? 5) 88.1' 91 90, 94, 92 90 . 3 
ao 90, 92!) 95 93 .. 94, 90 92.3 
105 91, 9l .i} 92 96' 93, 95 93.0 
120 98' 91' 90 100 , 94 , 94 94.5 
135 88, 85, 85 95, 94, 91 89.7 
. ·
APPENDIX B 
FIGURES 4 - 22: DEVIATIONS OF 
SUBJECTIVE MEDIAN VERTICAL AS 
A FUNCTION OF THE DEGREE OF HEAD 
TILT~ 
Tne dashed lines indicate the 
the oretical e xpectancies when 
subjective vert ical at 90° is 
set a t their intersect • 
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